Introduction: Overwhelming evidence implicates Helicobacter pylori (H. pylori) as an etiologic agent of gastrointestinal diseases including gastric cancer. The mode of transmission of this pathogen remains poorly understood. Objective: This investigation is to establish the presence of H. pylori in the waters of the Nairobi river basin and the predictive value the presence of fecal indicator bacteria would have for H. pylori. Methodology: Physical, chemical and biological assessment of water quality of rivers in Nairobi were carried out using standard methods. H. pylori DNA in water was detected using highly specific primers of glmM gene (294pb). Results: There was high presence of faecal bacteria in the waters sampled. H. pylori DNA was detected in two domestic wells and one river. The wells were located in two different regions of the water basin but influenced by similar human activities.
Introduction
More than 50% of the world's population harbor H. pylori in their upper gastrointestinal tract. Infection is more prevalent in developing countries, and incidence is decreasing in Western countries 18, 3 . H. pylori exact route of transmission is not known 4, 12 . Oral-oral or fecal-oral route is most likely 3 . Consistent with these transmission routes, the bacteria have been isolated from feces, saliva and dental plaque of some infected people3 Transmission occurs mainly within families in developed Nations yet can also be acquired from the community in developing countries 6 . H. pylori may also be transmitted orally by means of fecal matter through the ingestion of waste-tainted water, so a hygienic environment could help decrease the risk of H. pylori infection 3 . Previous work has indicated that H. pylori, when confronted with unfavourable environmental conditions e.g., a non-enteric environment, will enter into a viable but non-cultivable stage that may or may not maintain virulence 9 . H. pylori, if present in rivers, has probably entered into a stage, precluding the use of culture techniques to accurately determine presence and abundance. This investigation set out to establish the presence of H. pylori in the waters of the Nairobi river basin and to determine the predictive value the presence of faecal indicator bacteria would have for H. pylori. The study examined the co-occurrence of faecal bacteria and H. pylori through a combination of traditional microbiological analyses and molecular detection using PCR primers glmMf and glmMr that amplify a 294 bp fragment of the gene for the phosphoglucosamine mutase glmM enzyme 1 . These primers are currently the most sensitive and specific primers available for the detection of H. pylori 10 .
Materials and methods

Study site
The study investigated rivers, wells and boreholes within the Nairobi river basin and neighbouring Thika. Thika is a market town in Central Province, Kenya, 40 km North-East of Nairobi, and on the Chania River. Both Chania and Kiambu rivers form part of the wide Nairobi river basin figure 1. Nairobi River is a river flowing through the Kenyan capital Nairobi. It is the main river of the Nairobi river basin, a complex of several parallel streams flowing eastwards. All of the Nairobi Basin Rivers join East of Nairobi and meet the Athi River. These rivers are mostly narrow and highly polluted. The main stream, Nairobi River, bounds the Northern city centre. The river is partly canalized. Nairobi River has several tributaries figure 1,
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. Provide GPS or coordinates of study area.
Collection of water samples from rivers
A sterile collection bottle was immersed, with its mouth closed by the stopper, a foot below the water surface. Facing the direction of the current, the bottle was filled with water by opening the lid, brought to the surface and the stopper replaced.
Collection of samples from wells
Where the well was fitted with a hand pump or an electric pump, the mouth of the pump was applied with alcohol and allowed to dry. Water was pumped to waste for four to five minutes, before the sample was collected into a sterile bottle. Where there was no pumping machinery, samples were collected directly from the well in a sterilized bottle fitted with some weight at the bottom. Where it was not possible to collect the sample directly into the bottle, samples were obtained by means of a metal jug/ pot. The samples were properly labeled indicating source, date and time of collection. 5 and the MPN was read from the test results by referring to the MPN Table   11 .
Laboratory analyses
Multiple Tube Fermentation Test for Coliform Bacteria MPN was done according to Cheesbrough
Culture and biochemical tests
Samples were cultured on MacConkey agar. Bacteria were initially identified by their colonial morphology on selective agar and subsequently confirmed using standard biochemical tests.
Extraction of nucleic acids from water
Total genomic DNA was extracted from water samples according to the method described by Queralt et al 13 .
Efficiency of the extraction protocol for the recovery and detection of H. pylori from the environment was carried out as outlined by Voytek et al 17 . This study anticipated that H. pylori in rivers would have entered into a viable but non-cultivable cell stage 16 . Control for the recovery of H. pylori DNA from viable but non-cultivable cell stage cells in the environment, was done as per the protocol by Voytek et al 17 . The sensitivity of each primer set for the detection of H. pylori was determined by amplification of serial 10-fold dilutions of purified H. pylori genomic DNA 1 µl DNA: 10 µl water.
H. pylori detection
The H. pylori status was determined by PCR to detect the glmM gene using the following primers1; glmM f5'-AAGCTTTTAGGGGTGTTAGGGGTTT-3', glmM r5'-AAGCTTACTTTCTAACATTAACGC-3', PCR conditions were set as follows, denaturing step of 10 min at 95 o C, followed by first cycle of 94 o C for 2 min, annealing at 55 o C for 1 min, elongation for 1 min at 72 o C, then a repeat of step 2 for 34 cycles at 94 o C and a final incubation for 5 min at 72 o C. The PCR products were analyzed by electrophoresis on a 2% agarose gel and stained with ethidium bromide.
Results
One hundred and four water samples were analyzed. These were from 13 study sites, each site was sampled eight times Table 1 . The pH and turbidity were also measured. The data for both parameters were consistent with the type of water analyzed: the lowest pH 7.1 was recorded in water from a fountain and the highest 8.2 in river water. Both values are within the expected range for fresh water between 6.5 and 8.7. The data on suspended solids turbidity depended on the type of water. Most well samples were under 1 nephelometric turbidity units NTU. All the river samples were under 3 NTU Table 2 . 
Discussion
Presence of H. pylori DNA was confirmed at two points of the larger Nairobi river basin, in a public well, in Thika, a satellite town of the city of Nairobi. Thika has both an urban and a rural setup. Much of the surrounding land is agricultural and demand for water has been on the increase here due to the influx of people from the city leading to a rapid urban expansion. Thika is also a home for light industries and this, not only stretches the water demand, but also contributes to the increased pollution. H. pylori DNA was also detected in the Nairobi main river, down east of the flow. The whole of the Nairobi main river channel is highly polluted with both industrial and sewage waste water. The risk factors associated with H. pylori infection and transmission are not well understood. Infection is higher in developing than in developed countries
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. Prevailing Socio economic conditions and sanitation may be associated with the transmission of H. pylori 8 . Socioeconomic status is often a surrogate marker for the level of sanitary and hygienic practices, and it is a major variable that frequently correlates with the variation in the prevalence of H. pylori infection between different races and ethnic groups 19 . In this study, H. pylori was detected in areas inhabited by people of low income status.
Crowding and poor excreta disposal is a factor related to environmental hygiene. This study found that >90% of the inhabitants of the areas of detection used outdoor toilet facilities with no connection to the main sewage system. This was in contrast to samples from up market residential areas which were largely negative for H. pylori. However all samples were found to be rich in faecal bacteria. Although indoor toilet facilities were available in these areas, the rivers may have picked faecal material a long the way in the course of its flow through low income areas. It has been noted previously that the presence of faecal material near the home is a risk factor for diarrheal disease 15 . It is also possible that good household hygienic practices contribute to the total environmental hygiene.
Results indicate that while H. pylori is often found in samples containing fecal indicator bacteria, the presence and abundance of fecal indicator bacteria is not predictive of either H. pylori and may not be a telling sign of the H. pylori in water bodies. A study by Kimberly et al 7 demonstrated a high degree of variability in the response of fecal indicator organisms to stresses in aquatic environments on all levels of environmental waters. Of noteworthy is the persistence of indicator organisms in sediments, which leads to elevation of their densities and a false indication of recent pollution in the water column after events such as rain storms, construction, or recreational use. Differential survival of indicator organisms has profound implications for microbial source tracking methods that rely on these organisms, particularly those that estimate indicator organism's loadings from various possible contamination sources. In view of the above, it is difficult to tell if H. pylori detected in the water bodies was as a result of freshly contaminated water with materials of fecal origin or as a result of H. pylori persistence in the environmental waters.
Even though H. pylori was detected in the Nairobi river basin, there was no relationship between the numerical levels of fecal bacteria and H. pylori. Evidently, the presence of fecal bacteria is of limited value for detection of H. pylori in water
